differs from C. nusatenggara in having white ear margins, the pelage on the head is not markedly darker than that on dorsum, and the surface color of metacarpals and phalanges are markedly lighter and contrast with the patagial membrane.
Compared with C. horsfieldi and C. titthaecheileus, C. sphinx is generally smaller in size and the skull and rostrum are less robust (Corbet and Hill, 1992; Hill, 1983) . C. sphinx can be distinguished from C. horsfieldi by its somewhat darker pelage. C. sphinx also has narrower and more oval molars and lacks the central cusp on the lower molars found in C. horsfieldi (Corbet and Hill, 1992; Lekagul and McNeely, 1977) . C. sphinx exhibits high levels of variability in size and morphology across its range. In a discriminant function analysis of morphometric characters, specimens of C. sphinx from India and Thailand clustered separately, whereas specimens from Sulawesi and Java clustered more closely with specimens from other localities within the Malay Archipelago (Kitchener and Maharadatunkamsi, 1991) . C. sphinx specimens from northern India tend to average larger than those from southern India and Sri Lanka (Andersen, 1912; Bates and Harrison, 1997). The rostrum of C. sphinx is short and broad, and the ventral profile is nearly straight ( The Cl is relatively broad and has a recurved tip when unworn; it lacks a groove on its inner anterior surface but has a secondary cusp on its inner side. The cingulum is well developed posterolaterally. The P1 is similar in size to the incisors. The P2 is equal in crown area to P4 and is morphologically similar to P4 and Ml. In the mandibular dentition, il is subequal in size to i2 and p2 is larger than P2. The principal cusp of p3 is triangular and sharply pointed; it is subequal in height with the canine. The outer cusp of p4 is lower than p3 and has a well-developed inner ridge. The ml is subequal in size with p4; its outer cusp is less developed. The m2 is small and has a simple, hollowed-out crown (Bates and Harrison, 1997) .
GENERAL CHARACTERS. Cynopterus sphinx is a medi-
The pelage of the sexes differs principally in the color of the mantle. In specimens from throughout Southeast Asia, the mantle of adult females is cinnamon fawn to olive brown, and the mantle of adult males typically is a deeper color, frequently olive brown (Kitchener and Maharadatunkamsi, 1991) . The remainder of the adult pelage is characterized as follows: head and neck-gray brown, or occasionally charcoal brown; chin and flanks-a lighter lemon cream color, occasionally yellow tan, olive brown, or pale lemon yellow; dorsum-fawn olive to charcoal brown but occasionally lighter near tail to tawny olive; venter-pale drab gray merging to deep olive buff near tail. The ventral surface of the plagiopatagium adjacent to the body and forearm is lightly haired, as are the dorsal and ventral surfaces of the uropatagium. The fur at the base of the ears is the same color as the mantle; the ears are otherwise naked. The skin of the ears, lips, feet, and patagia is a dark lilac gray, except for the lighter ear margins. Surfaces of the metacarpals and phalanges are a pale tan color in contrast to the slightly darker patagial membrane (Kitchener and Maharadatunkamsi, 1991) . Similar sex differences in pelage color are apparent in specimens from the Indian subcontinent. In adult males, the chin, shoulders, and flanks are orange tinted, and the forehead and the nape of the neck are a darker, rich russet brown. In adult females, the mantle is usually tawny brown (Bates and Harrison, 1997).
FIG. 2. Dorsal, ventral and lateral views of the cranium and lateral view of the mandible of an adult male Cynopterus sphinx from Jhabua, India (Royal Ontario Museum 77336). Greatest length of the skull is 35 mm.
The baculum of C. sphinx is characterized by its simple, unexpanded tip (Bates and Harrison, 1997). In the Krakatau Islands, the shape of the baculum is highly variable in adult C. sphinx and apparently is not related to age (Kitchener and Maharadatunkamsi, 1991) .
In the Solomon Islands, there are no significant differences in the size of males and females (Goodwin, 1979) . In Sri Lanka, the sexes are very similar in size, but females average slightly larger (Phillips, 1980) . The external genitalia of pregnant females is characterized by a glandular margin surrounding the vulvar orifice; the clitoridial pad is transversely divided and each portion shows further longitudinal division into smaller lobes (Khajuria, 1979) . The uterus is bicornuate and opens into the vagina by independent cervical canals (Sandhu, 1984; Sandhu and Gopalakrishna, 1984) . During pregnancy, nonspecific esterase activity in the corpus luteum is intense in thecal luteal cells and moderate in granulosa cells. During lactation, granular lysosomal activity is evident in the involuting corpus luteum (Mote, 1986 (Sandhu, 1984) Male C. sphinx experience two seasonal periods of active spermatogenesis, although residual spermatozoa are retained in the epididymides year-round (Krishna and Dominic, 1984; Sandhu, 1988) . In Nagpur, active spermatogenesis occurs in SeptemberOctober (followed by a two month period of sexual quiescence) and January-March (followed by a six month period of sexual quiescence). Peaks in spermatogenic activity coincide with peaks in mass of the testes and epididymides (Sandhu, 1988) . In Varanasi, active spermatogenesis occurs in October-November and mid-January-April. Peaks in spermatogenic activity occur in October and February and coincide with a reduction in the concentration of testicular lipids, a reduction in cholesterol concentration, and an increase in the total cholesterol content in the testes. The seasonally bimodal reproductive cycle of male C. sphinx also is reflected in changes in the mass and histological profile of the testes, epididymides, and accessory sex glands (Krishna and Dominic, 1984) . In Varanasi, these histological data indicate that mating occurs in October-November and again in mid-January-April (Krishna and Dominic, 1984) , which is consistent with data on the timing of conception and parturition in the same population (Krishna and Dominic, 1983b) .
DISTRIBUTION. Cynopterus sphinx ranges from
Females attain sexual maturity far earlier than males and the age at which both sexes first breed differs for members of each of the two biannual cohorts of offspring (Krishna and Dominic, 1983b; Sandhu, 1984 Sandhu, , 1988 . There also appears to be geographic variation in the pattern of recruitment of nulliparous females into the breeding population. In Nagpur, nulliparous females born in the parturition period in February-March first conceive at the beginning of the breeding season in late October when they are 7-8 months old. They give birth to their first young in February-March of the following calendar year when they are one year old. Females born in the June-July parturition period first conceive midway through the breeding season in November or early December when they are 5-6 months old. They give birth to their first young late in the Feb-ruary-March parturition period when they are 8-9 months old. Thus, females born in the June-July parturition period participate in both of the two reproductive opportunities occuring within their first year, and primiparous females from each of the two biannual cohorts of offspring give birth in the same season (Sandhu, 1988) . In Varanasi, females born in March become sexually mature in September when they are six months old, and first conceive in late October. They give birth to their first young in March of the following calender year when they are one year old. The young conceived in the subsequent postpartum estrus period are born in July or early August. Females born in the June-August parturition period become sexually mature in December and first conceive in late January of the following calender year. They give birth to their first young in late June or early July when they are one year old. Thus, in contrast to the situation in Nagpur, the reproductive cycles of nulliparous females born in the June-August parturition period are not synchronized with those of parous females and nulliparous females of the March cohort. In Nagpur, females of the June-August cohort can produce two young by the time they reach one year of age, whereas in Varanasi they produce only one. Primiparous females from each of the two biannual cohorts of offspring give birth in different seasons.
In Nagpur, males born in the February-March parturition period are first able to mate in September-October of the following calender year, when they are 19-20 months old. Males born in the June-July parturition period are first able to mate in SeptemberOctober of the following calender year, when they are 15-16 months old (Sandhu, 1988) . In Varanasi, by contrast, the presence of spermatozoa in the testes or epididymides of nearly all males collected between October and April suggests that males may attain sexual maturity within their first year (Krishna and Dominic, 1983a).
In Nagpur, all females attain a body mass of at least 50 g by the time they reach sexual maturity. Neonates weigh ca. 11 g and attain a body mass of ca. 35 g when they become semi-independent 45-50 days later. At this stage of growth they are able to move about freely in the roost and are no longer continually attached to their mother's nipple. Females continue to lactate for another 10-15 days after they are no longer continually carrying the young, and young probably continue to suckle occasionally during this time (Sandhu, 1984) . In Varanasi, neonates weigh 13.5 g at birth (27% of average adult body mass). Young are weaned after one month, by which time they typically have achieved a body mass of ca. 25 g (51% of average adult body mass). Juveniles achieve fully adult dimensions at two months of age (Krishna and Dominic, 1983a, 1983b) . The cheek teeth of young C. sphinx are fully erupted by the time they begin to forage (Khajuria, 1979) . Juvenile males that have attained adult dimensions can be distinguished from sexually mature adults by their more grayish pelage and by mass of the testes during breeding periods (Krishna and Dominic, 1983a; Sandhu, 1988) . Body mass is an unreliable indicator of sexual maturity (Sandhu, 1988) .
Embryo implantation alternates between the two horns of the bicornuate uterus from one pregnancy to the next (Sandhu, 1984; Sandhu and Gopalakrishna, 1984) . A large corpus luteum persists in the ovary for several days following parturition in FebruaryMarch, and the graafian follicle is released from the contralateral ovary in the subsequent breeding cycle. After parturition in JuneJuly, by contrast, the corpus luteum regresses within several days so that both ovaries have similar histological profiles during the anestrous period (mid-July until the beginning of October). Collection records from Nagpur indicate that over 70% of pregnant females carried their embryo in the right uterine horn following the September-October conception and this situation was reversed in the subsequent postpartum conceptions. This dextral dominance in the uterus also was evident among primigravid females as the majority of first-time breeders carried their embryos in the right uterine horn (Sandhu, 1984; Sandhu and Gopalakrishna, 1984) . In the early stages of the pregnancy initiated during postpartum estrus, the contralateral uterine horn typically has not regressed to normal size and a placental scar is still present (Krishna and Dominic, 1983b; Sandhu and Gopalakrishna, 1984) . This indicates that conception occurs shortly after postpartum estrus begins. In Varanasi, almost all lactating females had implanted embryos and a welldeveloped corpus luteum in the ipsilateral uterine horn by late April (Krishna and Dominic, 1983b) . rison, 1997; Mickleburgh et al., 1992; Prater, 1971) . It is generally found at lower elevations but has been recorded in the foothills of the Himalayas in northern India at an elevation of 400 m (Bates and Harrison, 1997). Phillips (1980) reports that C. sphinx is a common species in Sri Lanka, especially in cultivated areas and is generally more abundant in drier regions of the island. In the Indian state of Rajasthan, C. sphinx is found primarily in forested regions where rainfall exceeds 600 mm/year (Advani, 1981, 1982a). Although not known to undergo seasonal migrations, strong dispersal capabilities are indicated by the recolonization rates of C. sphinx in the Krakatau Islands (Thornton et al., 1990; Tidemann  et al., 1990) . On the main island of Rakata, and on the more recently formed island of Anak Krakatau, populations of C. sphinx were established within 20-30 years of the cessation of major eruptive activity (Tidemann et al., 1990) .
ECOLOGY. Cynopterus sphinx is a relatively common and abundant species throughout its geographic range (Bates and Har
In western India (Pune), C. sphinx feeds on parts of at least 31 species of plants from 18 families. C. sphinx mainly feeds on the fruits of Ficus racemosa and F bengalensis, as well as the leaves of Cassia fistula and Moringa oleifera and the flowers of Parkia biglandulosa and Madhuca lalifolia. In this region, the various species of Ficus provide a reliable, year-round source of food for C. sphinx, as there is considerable overlap in the seasonal periods of fruit production (Bhat, 1994) . In the North Indian state of Rajasthan, C. sphinx feeds on fruits of Psidium guajava, Mangifera indica, Phoenix sylvestris, Anona squamosa, and Achras sapota (Advani, 1982b). In the South Indian state of Tamil Nadu, C. sphinx feeds on Atalantia monophylla (Balasubramanian, 1989) their dependent young (Balasingh et al., 1995) . The number of females in association with a particular male declines slightly following parturition. Male C. sphinx may construct tents and defend them against intrusions from other males for the purpose of gaining exclusive reproductive access to tent-roosting females (Balasingh et al., 1995) .
Cynopterus sphinx is more agile on the wing than larger fruit bats and is able to feed on nectar, flowers, and fruit without landing (Bhat, 1994; Roberts, 1977) . C. sphinx often removes fruits or leaves from food plants and then feeds in foliage roosts away from their diurnal roosting sites. These feeding roosts typically are located under a horizontal bough of a tree with an umbrella-like crown of leaves or beneath the fronds of fan palms. Typically C. sphinx selects feeding roosts within 20-100 m of the food plant and 10-30 m above the ground. Bats often shuttle between food plants and feeding roosts several times a night. Fruits which are too large to transport, such as mangoes, typically are eaten on the tree itself. Smaller fruits and flowers sometimes are consumed at the food plant as well (Bhat, 1994) . Similarly, radiotracking studies reveal that C. sphinx continually shuttle between fruit trees and feeding roosts located in trees 10-30 m away. Over the course of five nights, three male C. sphinx travelled as far as 2.5 km from the day roost while foraging but spent <12 min in flight on any given night. The majority of their time was spent roosting in trees near their food plants (Marimuthu et al., 1998) .
Audiograms recorded from C. sphinx indicated a sensitivity to ultrasound, although a capacity for echolocation has not been demonstrated in this species. C. sphinx is maximally sensitive to frequencies between 12 and 16 kHz (Neuweiler et al., 1984) . 
GENETICS. Cynopterus sphinx sampled from

